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Abstract This study was investigated to evaluate the in vitro anti-diabetic activity and
lipid accumulation inhibitory effect of the domestic walnut (Junglans regia,
Gimcheon 1ho cultivar) in high glucose- and oleic acid-induced hepatic HepG2 cells.
Bighty percent of ethanolic extract from Gimcheon lho (GC) showed higher
inhibitory effects against e-amylase and e-glucosidase activities when compared to
other ethanolic extracts. GC significantly inhibited the formation of advanced
glycation end products (AGEs). The GC increased cell viability against HO,- and high
glucose-induced cell death determined by 3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay. GC reduced the formation of reactive
oxygen species (ROS) in H;0,- and high glucose-induced HepG2 cells determined by
2',7'-dichlorofluorescein diacetate (DCF-DA) assay. GC inhibited lipid accumulation
in the oleic acid-induced HepG2 cells. The GC increased AMP-activated protein
kinase (AMPK) phosphorylation and decreased the expression of lipid metabolism
related proteins such as sterol regulatory element-binding proteins 1 (SREBP-1),
fatty acid synthase (FAS), sterol regulatory element-binding protein 2 (SREBP-2)
and 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMGCR). The results suggest GC is
a potentially functional food material which can improve nonalcoholic fatty liver
disease by inhibiting lipid accumulation.

Keywords walnut, gimcheon 1ho cultivar, nonalcoholic fatty liver disease, lipid accumulation,

lipid metabolism pathway
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Walnut inhibits lipid accumulation in HepG2 cells

oA At 9 RS oE NPEw HRt i 2
AR ST DR BAZF 3iek(Younossi 5, 2016). &
5|, Jt SedE AHE AHE 24E 84 A% 9iRd
(sterol regulatory element- binding proteins, SREBP)
S EA5IO 2 A acetyl-coA carboxylase(ACC)ZHE]
48] A9H4Hfree fatty acid, FFA) $48<S £A50= 720
2 A 9tHCohen 5, 2011). FFAE 7k 237 Hof|A
/A triglyceride) & A w0} H|[GTZA AIE
Agks fotd, &gt A 9 A4k F492 tumor
necrosis factor-a(TNF-2)2} 22 HESA Ao]EZIQI
< 2[5t} Qed £8AY Aadgs JAFGeEZHN
<Y APAHE 29 KKitade 5, 2017; Saponaro 5,
2015). & A2 AR 22904 adipose triglyceride
lipase(ATGL)Oll 9Jgt Al E Fxlotal 7k 24 f A
A §Y9E THRIA AUEEE doxlthZhai 5,
2010). ol=gt HAAAR] A=A toll-like receptor-
4(TLR4) A5 ARZE EAsIolo] nuclear factor kappa
B(NF-xB)Z5¥ interleukin 1 beta(IL-18), interleukin
6(IL-6) & TNF-o9t 22 AASH AIE7IRIS] S
Frsto] HF ¥HeZ 4or|1 AEEE 6k ZoR
A& IthMusso &, 2018). wabA], 2+ 23 W A|HH5
AZ AAlote] H|TFESA A7 A% RAe] B F=
24 i A7 asi

S5(Juglans regiaye A AANA d2] A== 2HE
2, AR o-F=34t 9 y-EIHET -2 H[E
9 B S5 AoE A Utk Ros &, 2018). e-TE
Ak A AR AT & slem AuolA
eicosapentaenoic acid(EPA) ¥ docosahexaenoic acid
(DHA) 22 2H7}-3 AHHito & H3tE|o] dF E9 A
HE $A& ZAAZItHKim 5, 2014). =3, H[EH E=
A4 dAskE Q1% lipid peroxyl radical (LO; )& &7
oto] At 8IE Uedl= A2 dEA ITHNiki,
2014). §9], 359 8 Edds JREoE g7l d
A&t (ellagitannin) AHolA] kR o] d=p1A
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(ellagic acid)S W&otH, F4tst &4
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polyunsaturated fatty acid(PUFA)E &3 A& &9l
SHATHKim 5, 2020). ¥H, S 25 AFH(1,100
B> U AA 35 2HEH14,0008)2] o 8% FE2
=, A F8EE 2FY A7 Y=L o] =
WA 359 Aol HgAastal JeHOh &, 2020). Wt
A it SRS A7) A% LA 3 A R
g 9 ot YL d4E B A 35 E5Y
A1 7HA B717F B asi

2 A= FHolA S5 Aol 7P B2 XA &
T 35 5 44 139 I B ERISI3IL, ol E ol&
to] TAEoA Bitekear(hydrogen peroxide, Hy0,)
Thigh glucose)2.2 FE% =A0] gt X B35
s 4ot E3, oleic acidE A st} A 54
A| ol A A54 AA] aiE B7hstal, A
gof| Tojot= A= LAE St HHFAIHA
AW A& hARE HAske 47371641 NS 9E 2%
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2. Mz & UY

21. AE ME Z XX

E AFof| AMEH S5 (Juglans regiaq= AAEE 74A
AloflA 201840 AHiE A 15 £59 SFE st
o] 83sl9tt. HZAZX7](Operon, Gimpo, Korea)Z
S5O AFE FAARST Baste] -20CoA W B
ottt F2A%E AR 2 gof gk 81 100 mLE
Y2+ 0%, 20%, 40%, 60%, 80%, 95% &== 7}sto] S-F

Zksto] 40TOA 2A17F B9t FE51H #5552 No.
2 o}7A|(Whatman PLC, Kent, UK)Z oj3}et 5 347
T5%7](N-N series, Eyela Co., Tokyo, Japan)E °|-&
sto] S5t 5=H FEE2 527127](Operon)E
ol-gsto] FAAZSIAL -20CoA s Easto] AFo|
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g3ttt

2.2. a-Amylase 2 a-glucosidase %X 24 =&

e-Amylase A 244& S45H7] Yo 0.02 M sodium
phosphate buffer(pH 6.9)9} A& ¥ 0.1 mg/mL a-
amylasegs &8st 37CoA 1087 ¥HSAIZ &, 1%
starchE 7Foto] 22 27004 1087t BFAIAH §HS
E9] 3,5-dinitrosalicylic acid(DNS)Z 7}5l9 100C &
25204 SEZF TAHAZ] & 540 nm IO FFE
£ S4sh

a-Glucosidase A 42 0.1 M sodium phosphate
buffer(pH 6.9), A& L 0.5 unit/mL e-glucosidaseE &
oto] 1087 ¥RAIZ1 & 7|22 3 mM 4- nitrophenyl-
a-D-glucopyranosideg 7Fstal 587t 8-A]A ulo]=2
ZEZYolE ®=7|(Epoch 2, BioTek, Winooski, VT,
USA)E ol-&sto] 405 nm oA SFFEE 7351t

2.3 FZEEHME Y& YA 2E FEH

FASIME B A 242 5] Ys 0.2 M
phosphate buffer(pH 7.4)°ll 0.02% sodium azide, 50
mg/mL bovine serum albumin(BSA), 1.25 M fructose
9 AgE Egote] 37CoNA 397t BRAIXD &, 96-well
black plate©l] 100 L& £E5=510] FJF=A(fluorometer,
Infinite F200, TECAN, Mannedorf, Swiss)& ©]-&5}o]
FHI7} = (excitation: 360 nm, emission: 430 nm)E &
sttt

2.4, ZHE B

2 A3 ARE THHIEE 7R 7F 2A oA Ffgh
HepG2 AZZ, A EZF23(KCLB-88065, Korean
Cell Line Bank, Seoul, Korea)ollA Ftufjsto] o]-8-51%
ot HepG2 AlZE= 37C, 5% CO, 24X 10% fetal
bovine serum, 50 unit/mL HYAH ¥ 100 pgg/mL &
EdEntolAlo] E3HE Dulbecco’s modified Eagle's
medium(DMEM) HiA|E ©o]-&-sto] HjFsltt.

2d F
Az Higt B35 Z3k= 3-(4,5-dimethyl-thiazol-
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2-y1)-2,5-diphenyltetrazoliumbromide(MTT) £4¥H&
o835t} =HstAtt. 96-well plate®] HepG2 HEE
1x10% cells/well2 EF3}0] 24A17F &9t wjFstit.
H,O00 tieh Al BS g5 S45talAt A2 A&
£ Agsto] 24417F 53t vigstal, 200 xM H0E A
sto] 3AIZE BRF BiFetott. Eet, o] iRt Al B
3 a3E At A Ao A|l5E A ste] 347 57t
HjFStal 50 mM glucoseE A efsto] 24417 &7t vieF

Ak olF, AE E H0, E= 1Y AT Alx
MTT Aek& #Fsto] 3A1%E 5t ¥ESAIZ1 & DMSOE 7+
sto] ¥F3Z FAA17]1L wo|A2EH0|E w=7]|(Epoch
2, BioTek)E ©]-&3s}9 570 nm(determination)?} 655

nm(reference)o|A TZE=E =75}t

2.6. ZHIE Lf {3 AEHA FX

HepG2 Al ZoIA H0, % AT A=z I3t Ao} AEF
25 ZAsP7] Yl 2',7 -dichlorofluorescein diacetate
(DCF-DA)YE ©o|-83t3itt. 96-Well black plateo] HepG2
AZE 1x10% cells/well& E33t0] 24A17F S9t HjoFa}
Ut o], Alzo] AlZE ATste] 24A1%F Bt HiFRt
% 200 M H,0.5 APt 3417 50 mM glucoses
Aot 24417t Bt vikstgit). HiFRt Alae]l DCF-DA
£ Agste] 504 B3 WA F FFB A (fluorometer,
Infinite F200)5 ©|-&5to ¥F4 = (excitation: 485 nm,

emission: 535 nm)E &%s}t}.

2.7. ZHE Lf X85 X g2 FE
TR0 FFe vAE AR FHa vEE s
98ta] MTT assays ©]-€35F 1 oil red O FAHE o]
&oto] THA|ZoA 9 AEA A aaE A6
24-Well plate©] HepG2 HIZE 1x10° cells/well2
Foto] 24A17F B HigStaL Al=E AT Sho] 24A1%F
b iR, ©]F, 500 #M oleic acid7F 7%
DMEM BiAZ WASRIL 12417 B vigste] A9
£ §&35t7, 10%(/v)9 formalinC2 1A)17F B9t A
oA 1AstAt. 1FH MEE 3.5 mg/mLY oil red
£ ol&d 10% &% A200A A, AR

(CKS41, Olympus, Tokyo, Japan)< ©]-&3}o] oju]x|

2o ot fr

mt X O rlo
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Lojuigieh. E3E THAIE W A5 2 ERl6H] 9
5l 100% isopropanol= 7tote] M2 W FAH oil red
O =9l & 96-well plated] &A ulo]AZZF0|E
W=7](Epoch 2, BioTek)}E ©]&€-5t] 500 nm9] 170
A FFEE S5

2.8. Western blot analysis

Oleic acidE& AZst HepG2 AIZE o|-&slo] A&F &
g0l Hofsh= Tl o] IHS 7451t HepG2 AlE
+ 1% protease inhibitor7} &% RIPA bufferE o|-&
sto] FASkE ¥ 13,000 xgolA AlEEsto] dojd
Aeds il FFS o 5L FFoE W
o]& 8% sodium dodecyl sulfate-polyacrylamide gel
(SDS-PAGE)g &3 @¥d2 E&I5k] polyvinylidene
difluoridemembrane(Millipore, Billerica, MA, USA)
0= o]FAI7|1, 5% skim milk(Sigma-Aldrich Co., St.
Louis, MO, USA)E ©0]&3}9] blockingdlgitt. ©]%, 4T
oA 12417t E<F membrane 1:1,0000.2 843 13}
FA} HESAR o, AJ=0lA 1:5,00022 3|43 23
FALE 1A17E &< BREAIFT PHA9 O 2 membraned
ECL(ProNATMECL Ottimo, TransLab, Daejeon, Korea)
Aokt "RS-AlA iBrightTM CL1000 Imaging System
(iBright Imager, Thermo Fisher, Waltham, MA, USA)
< &9 Tuld HdS S5

2.9. EHHE/

BE 439 ZAE HH4Y EEHXHmean+SD)E L
EfYfiolor, 7+ Zk2 SAS software(version 9.4, SAS
Institute, Cary, NC, USA)E ©0]83t EAREAE Alg)ol%]
9™, Ducan®] 8 HA(Duncan’s multiple range
test) & 5% & WolA 94 A5 Aldsteltth

3. Zm ¥ 1

3.1. @-Amylase % a-glucosidase x| 4

AHNA e-amylases 41 Sl AFT HaE9
a-D-(1-4)glycoside 23& SO g Hefgict. £
H g2 &% §EHo] 245k= a-glucosidased]

816

osf| LG} T2 S 7hett FHS dRE EofET
(Lordan &, 2013). E3|, 1&sHE Ao|2 Qlgf] T
W Bk S5 22 A 9] 7|d= &5t
AEAS dorle Ao YA QtHAmeer 5, 2014).
wetA, 35F FEE9] ¢-amylase ¥ e-glucosidase JA|
BZ S4oto] gedkE 29 2 AW gER &5 oA
of et A+E AP oS v IF FEE9
e-amylase AA 85 SAT ZA3+= Fig. 1(A &t
80% oletE 25 20 pg/mL B=olA 47.61%<] A &
AL B9 oM acarbose= 100 ,ug/mL =104 91.37%
9] A = UEHU. olojA ot = 3% F
Z£59] ¢-glucosidase®] tist JA &AL Fig. 1B)< 2
ot 80% ollgE F+E&2 1 pg/mL F&0A 76.10%2 <
A FA4L e, o] 200 pg/mL BEO1A 50.32%
9] A4 &S 2= acarbose®E Tt $-51 Tt
Aol gl 972 Eoficks 1ol o OT'L
e-amylase ¥ a-glucosidase] &4 AAE Bl T
£ Ao =M 7 24 W AYEAS AT 5 e A
o7 A IHKim 5, 2018). & AojA F 2T
02 AF8H acarboses EEY9 L2 A I A AR
= 3y AmAZ dHA ot sHARE A7)7F acarbose
Al &gt g-amylase JAE Qlof| A8kE|A] 42 &

FolEo] Aol FAE o] AAb ¢ ERuutal 72 ofz] B
o] Bigo], o]F tiA5t7] Y5t A4 i A 28
SItHOboh 5, 2016). £3], & AgofA 3F FE2ELS

acarbose 2t W2 ¢-amylase 9A A4S YERHOL
acarbose T} 2 oA 43t %’\ﬂ% é\_ﬁ}iﬁ\_ o
A B= 2 A ke HolAl ol
A AR o]f 7M5T Aoz mEth E3E Les
(2018)9] Aol AetTARS acarboseEtt 7323t o-
glucosidase A /44 YerH12H, Moon 5(2020)
B8E8E 9 deAEd 2 IR H 18 %Y
T8 A EEE HIsioith wEbA, 2 AdoA o
280 ZH= 733t ¢-glucosidase A BAL A 15
o] SR dEtAtollA ZIQIet Ao S

O

32 F= ":EI'_Q/Afg /glé'l 2'1]7/ .'zM'I

FEg B55E 9 A A= e Aol Z49 3
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Fig. 1. Inhibitory effects of ethanolic extracts from Gimcheon
1ho cultivar walnut (Juglans regia) against a—amylase (A), a-
glucosidase (B), and AGEs formation (C). Results shown are
meanzSD (n=3). Data were statistically represented at p¢0.05,
and different small letters represent statistical differences.
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A3} o] vjaszd g3} vhgo g P4 HE5I)
AFE2 reactive oxygen species(ROS)E AJAJoto] A5}
foote ZAeE 4HA UKSingh T,
2014). v7tdA o2 AH HFGeitE & EfEA
% A el A=, JdedE Fotk= Y B AEE
EA713 Gt S s A0E dEA U
(Nowotny &, 2015). WA, oghe 5= oF F2&
o] HFGIHE B dA 24e SHT 4= Fig
1(O)2F 2ot 20% e+ F2&3 80% ole-= —ir%%
247+ 50 pg/mL =4 68.85%2} 57.01%= gt
A 2L UEL, HFTIHE JAAE 4
aminoguanidine 200 pg/mL 5XZ°4 90.62%9]
A 4L HeErligioh

2 AYofA G 22 E AHEE aminoguanidine
2 Hla4d g3} 550 S+ BAEQ methylglyoxal
4 glyoxal® 22 dicarbonyl 3FtE3} §Egoto] 25T
HkE B4de JAlske ZAoE dEzlou, A Al-olA
FAG A E FAGo] Hilgo] ARgo] FA|HITH
(Thronalley, 2003). w=2bA], StAskal
d a4 S St s /- AR 71s8 A 2
gottt. dAE0] TRE EYuled I3t oA ROS
4 HFTFIAEY FE JAIske A= dA Ut
(Yeh 5, 2017). £3], Chao 5(2010)9] ¥7FollA det1
AR g FO| A& oA EE& FZE(polyol pathway)
o] 4L JAI5I9] fructose TAE HAALOZH 2F

TR A= JAsHIH. ESE B 9 AR SolA

T2 I B Ex A SfHEds a7ste] el
-4 ‘:}9} W= AT 2N HFFeE S JAl6t

o= %#{A 9ltkSong G, 2021). Fukuda 5{(2003)

Oﬂ 40}“1 e A 22 EYuE el T
st 44 12 35 5% FFe EXNES Rt
Ao Z YePFtHKim 5, 2020). W2hA, 35 F&E0| 2+
= IFTSHE 0411] e dets @ EFHE 22
A 3l5tEo] 93t Aoz wEr) o]To] AFo 2
FohikE A4 94 %“33'—]' EEo] 7MY %2 a-amylase
2 g-glucosidase JA A4S YEMH 80% et =
E(GO)& Adsto] ZFstoitt.

LEYAE

AN

95 B5E 2

817



Walnut inhibits lipid accumulation in HepG2 cells

3.3 ZHE 25 & Msf AEZA HS 1}

A oAtk S E8ske Ho0,, 2RISR
o]&(superoxide anion, 0%), 3to]=24 gt)Zhhydroxyl
radical, ‘OH) 53} Z-& ROSE 34eH4 1;_}_/1401 o} A

QoA Alsh &4be dorim, Fat § S4E ol B
o] A5 9 WEAT T8 e ROS AHE 371

AlA Argt AEH A o= dHA O‘Q—(Park
5. 2016). 9], 7HAEZA L3 ROSE c-Jun N-
terminal kinases(JNK) ¥ p38 kinase(p38K)E &/33}
sto], G5 W H Al AFES festo] 7 7159 Ashe
ZHHKim 5, 2006). WEkA, HepG2 AZEAA H,0;
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tal A7H= Fig. 2(A), B)2F 2k H.0.9F 152

F=H HepG2 AlZo|A 242 A4 th27H(100%) thH]
89.72% 4 85.09%%] AEE&S UEIHAL, F tixL
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89.53%2] A&E&Z YeEtHAH. E3], GC= 50 pg/mL
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Fig. 2. Cell viability of 80% ethanolic extract of Gimcheon 1ho (GC) cutivar walnut (Juglans regia) on H,O, (A) and high
glucose—-induced cytotoxicity (B) and reactive oxygen species (ROS) inhibitory effect of GC on H0; (C) and high glucose-induced
oxidative stress in HepG2 cells (D). Cell viability was determined by MTT assay and ROS inhibitory effect was evaluated by DCF-DA
assay. Results shown are meantSD (n=3). Data were statistically represented at p¢0.05, and different small letters represent

statistical differences.
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ROS| gt GCY Ao &4& 54 A= Fig. 2(0),
(D)9 2t} H,0,9 1902 9%5 HepG2 AlZ9] ROS
S ZH7F 169.43%, 120.63%2, FAF di27H(100%) %
t} oF 69.43%, 20.62% A= ROSQ o] Z7lstglont,
G 2Q1 vitamin CE A3HAE o 22 94.33%,
51.40%% H,0, 9 11 A2 QI 37kt ROS TFE
FAAFT. B3], GC A= 50 pg/ml ZollA 22
88.41%, 79.94%=Z -3 ROS Aol &4 UerH AT

Al g EAste s IAFES AR FridS LA
o] ROSE AATLEMN ASt AEHAREE] A ZE HS
St= Ao IHA UtHPark 5, 2014). E9], 44 15
S5 A4 9 EEES 22 HE4 SkEe] 3%
sto, gt g A 9 A kst oA S43 d
FgEe = Zow HuHEI QrkKim 5, 2020;
Moon -5, 2020). Ding 5(2019)2] oA detaAik>
1S A28t HepG2 Al ZoA] ROS A3/d3t 2|4 izt
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Fig. 3. Inhibitory effects of 80% ethanolic extract of Gimcheon 1ho (GC) cultivar walnut (Juglans regia) on cell viability (A), lipid
accumulation (B), oil red O staining image (C) and lipid accumulation pathway in HepG2 cells, representative western blots for total
protein and expression of p~AMPK, SREBP-1, FAS, SREBP-2, HMGCR and B-actin (D), protein expression levels of p~AMPK (E),
SREBP-1 (F), FAS (G), SREBP-2 (F) and HMGCR (l). Cell viability was determined by MTT assay and oleic acid-induced lipid
accumulation was evaluated by oil red O staining and western blot analysis. Results shown are meantSD (n=3). Data were
statistically represented at p{0.05, and different small letters represent statistical differences. AMPK, AMP-activated protein kinase;
SREBP, sterol regulatory element-binding proteins; FAS, fatty acid synthase; HMGCR, 3-hydroxy-3-methyl—glutaryl-coenzyme A.
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